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[57] ABSTRACT 

A television system and method are disclosed for moni- 
toring and indicating changes in a scene from which 
electromagnetic radiation, such as visible light, ema- 
nates. A television system including a television camera 
scans the scene in known raster fashion in a series of 



image frames, producing an amplitude modulated video 
signal describing the energy intensity distribution of the 
scene. Clocking and gating circuitry triggered in syn- 
chronism with television camera synchronization sig- 
nals defines a set of predetermined discrete spaced loca- 
tions of the raster during each image frame and samples 
video signal amplitude at each of the defined locations. 
The same discrete locations are sampled during each 
frame. Video selection circuitry, during a succession of 
sampling periods, inputs in real time a representation of 
each video amplitude sample to one of several storage 
channels of a multi-channel memory system including a 
multi-channel counter. The video amplitude samples 
are allocated among the channels as a function of their 
amplitude values. The collection of stored amplitude 
samples in the multi-channel memory system thus con- 
stitutes a profile of the amplitude distribution of the 
video samples made during the frame. This first ampli- 
tude profile is then stored. The scanning, allocating and 
counting operation is repeated. Subsequently, compari- 
son circuitry, in response to the development of a subse- 
quent amplitude distribution profile, corresponding to a 
selected later frame, actuates an alarm in response to the 
occurrence of a predetermined threshhold difference 
between (1) the earlier and (2) a succession of later 
developed amplitude distribution profiles. Circuitry is 
also provided for modifying characteristics of the 
threshhold difference required to trigger the alarm. 
It has been found that even a single channel counter, 
responsive to video count samples in only a single am- 
plitude range, can often provide enough information for 
a workable and inexpensive surveillance system. 



23 Claims, 10 Drawing Figures 
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VIDEO MONITORING SYSTEM AND METHOD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 5 
This invention relates to the field of video monitor- 
ing, wherein' television is used to view a scene and to 
actuate an alarm if movement or change takes place in 
the light distribution emanating from the viewed scene. 

2. Description of the Prior Art 

Video systems having the capability of detecting 
motion or other change in a viewed scene have been 
known to have applications in security against intrusion 
of a viewed area, and in safety monitoring and control 
of industrial processes. Such systems compare informa- 15 
tion derived in a television image frame with analogous 
information derived during a previous frame, and trig- 
ger an alarm if the detected difference is greater than a 
predetermined threshhold. Such systems have included 
both analog and digital apparatus and circuitry. 20 

Analog systems have been proposed which utilize the 
main characteristic of the video signal, which is an 
amplitude modulated signal, and process it in one or 
more of a variety of known fashions to derive the de- 
sired information from frame to frame. ^5 

While analog systems are generally characterized as 
being relatively fast operating, simple and inexpensive, 
they have been regarded as lacking flexibility and accu- 
racy. 

Partially in order to overcome these difficulties, digi- 30 
tal systems have been proposed. Such systems typically 
include a television system and equipment for digitizing 
image frame information derived by the television. 
Such systems often require interfacing to a digital data 
processing system, such as a digital computer, for utiliz- 35 
ing the information developed by the television system 
to detect changes from frame to frame. 

Digital systems have generally been regarded as too 
complex and expensive for simple security alarm appli- 
cations, and for performing simple industrial monitoring 40 
functions. The necessity to interface with a computer to 
compare light distribution patterns from among differ- 
ent image frames or to represent a sufficiently accurate 
image, results in digital systems being excessively 
costly, often well in excess of $5,000 per system. 45 

The complexity of interfacing an analog television 
system with digital equipment gives rise to a relatively 
high degree of difficulty in maintaining effective and 
reliable operation of the large number of system compo- 
nents which must cooperate to be effective. 50 

In one proposal for a digital system, the system com- 
pares fixed points during each video scan, storing up 
information about the observed points. During subse- 
quent scans, the system compares information derived 
from the newly obtained points. This complex system 55 
first digitizes the video signal before sampling. Each 
sample is stored in a digital memory system indicating 
its **X" and "Y" coordinates corresponding to sample 
point location. 

Such a system samples more than 16,000 points in 60 
each image frame. The amplitude of the video signal at 
each point is digitized and stored with its coordinate 
location information, which is also in digital form. The 
amplitude value of each point of a subsequent frame, 
after being stored, is subtracted from corresponding 65 
values in a previous frame, and the difference informa- 
tion for each point is also stored. Only then can the 
digital data processing system be used to develop infor- 



2 /" 

mation relating to image aspects such as the existence, 
size and speed of an intruding or moving object or 
person. Time and magnitude of the intrusion, along 
with the locations of the objects which caused it, are 
recorded in digital form. 

According to another proposal, in another digital 
system, an entire image frame is scanned, and a counter 
counts the number of times the video level exceeds a 
predetermined threshhold. Such a system does not in- 
corporate an organized sampling system as in the previ- 
ously described proposal. One feature of the image 
could be completely overlooked because the system 
rejects all of the image components as to which the 
video signal is below the threshhold. This system suffers 
from the disadvantages of the previously described 
proposal as well, such as high expense and complexity. 

The disadvantages of the prior art systems and pro- 
posals are obviated or ameliorated by the subsequently 
described video monitoring system which embodies the 
present invention. It is a general object of this invention 
to provide a video monitoring system which incorpo- 
rates the accuracy and flexibility of a digital system, 
while partaking of the speed, simplicity and relatively 
low cost of analog systems. 

SUMMARY OF THE INVENTION 

An area monitoring system in accordance with the 
present invention includes a television system for view- 
ing a scene of the protected area and for representing 
the spatial distribution of radiation, such as visible light, 
emanating from the scene. The television system repre- 
sents the energy distribution by producing electrical 
signals, including analog video and pulsed synchroniza- 
tion signals defining a sequence of raster formated 
image frames describing the scene. The monitoring 
system also includes circuitry which is responsive to the 
television synchronization for effecting real time sam- 
pling of video signal values at each of a set of discrete 
spaced locations of a first image frame. Steering and 
multi-channel counting circuitry develops in real time 
an amplitude distribution profile of the video signal 
samples. The samples are stored in a memory system. 
Each video sample in a particular amplitude range is 
stored in a memory channel corresponding to that 
range. The system further includes circuitry for actuat- 
ing the sampling and steering circuitry to repeat their 
operation over later image frames for the same set of 
discrete raster locations. Comparison circuitry pro- 
duces an indication in response to the detection of a 
predetermined difference between amplitude distribu- 
tion profiles developed in a succession of image frames. 

This system thus, by sampling only a limited number 
of spaced discrete points in each television picture, can 
develop considerable useful information regarding 
changes between frames, simply by developing and 
comparing amplitude profiles corresponding to the 
respective frames. The design of this system recognizes 
that, in many television monitoring applications, ex- 
treme detail and resolution of an image are not neces- 
sary. It is recognized that the image is not intended for 
subjective human viewing, and that a simple analysis of 
limited aspects of the image is all that is necessary in 
many cases. This system thus can accomplish much 
with relatively simple and inexpensive video processing 
equipment. The system does not suffer from the "over- 
kill" which is attendant in many of the complex digital 
systems of the prior art. 
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This system operates in real time, as opposed to the 
mode of prior digital system proposals, which must 
store up a great variety and quantity of information 
describing entire television frames, prior to performing 
information analysis and comparison steps on the stored 5 
information to derive useful information about the pic- 
ture. The present system, on the other hand, with its 
real time operation, does not require interfacing to a 
digital computer for performing analysis. Rather, the 
analysis is done quickly and directly, in real time, with 10 
no need to store up location and amplitude information 
describing large members of points in entire frames as a 
prerequisite to deriving useful information about the 
image frames. 

In accordance with a more specific aspect of this 15 
invention, circuitry can also be provided for modifying 
a threshhold difference in amplitude profile characteris- 
tics which is required to trigger the alarm indication. 
Thus, the system can be adjusted to be more or less 
sensitive to changes between frames. If it is desired, for 20 
example, to detect movements of only large objects, the 
system can be set to respond only to quite gross differ- 
ences between amplitude profiles. In a security applica- 
tion, for instance, the system could be controllably de- 
sensitized such that it would not respond to movement 25 
of a small animal within the protected viewed area, but 
would be sensitive to intrusion of a larger body, such as 
that of a human intruder. 

According to another aspect of this invention, a sys- 
tem for sensing changes in the distribution of energy 30 
emanating from a scene includes pickup means for con- 
verting the energy to electrical signals representing a 
characteristic of the emanation from the scene. Cir- 
cuitry cooperatively coupled with the pickup means 
samples the characteristic of the energy for each of a 35 
predetermined set of discrete locations of the viewed 
scene. Other circuitry, during a sampling period, accu- 
mulates a count of the number of the sampled locations 
whose measured energy characteristic is within a prede- 
termined range. This count is produced independently 40 
of the relative spatial positions within the scene of the 
sampled locations. Comparison circuitry is provided for 
detecting a predetermined difference between the value 
of the count and a predetermined reference value. 

In this system, only a scalar count of locations exhib- 45 
iting a predetermined range of the measured energy 
characteristic is made. This feature obviates the neces- 
sity for additional complex circuitry and storage means 
for generating and maintaining information relating to 
the spatial location of the points of the image which are 50 
measured. The positions of these points, in this system, 
are irrelevant. The system does not need coordinate 
information in order to perform its monitoring function. 
Thus, the inventive system performs efficiently without 
need for the expense and complexity of additional cir- 55 
cuitry for taking image point spatial location into ac- 
count. The only requirement is that the same set and 
number of points, wherever they are, be sampled in 
each frame. 

In accordance with a more specific aspect of this 60 
invention, the counting circuitry comprises a multi- 
channel counter. Associated circuitry counts the re- 
spective numbers of the sampled locations whose ema- 
nated energy characteristic lies within each of a corre- 
sponding plurality of respective ranges. Thus, the chan- 65 
nel into which sampled information is input is depen- 
dent upon the value of the measured characteristic, e.g., 
video amplitude, corresponding to that sample. 
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In this embodiment, circuitry is also included for 
resetting the multiple counting channels after a first 
sampling period. Circuitry is also provided for storing 
count information derived during the first sampling 
period for comparison with analogous count informa- 
tion derived during subsequent sampling periods. An- 
other feature of this invention is that the comparison 
circuitry comprises means for indicating at least a pre- 
determined degree of change in the count accumula- 
tion, this change taking place in any one or more of a 
plurality of storage channels of the multi-channel 
counter, between the first sampling period and a subse- 
quent sampling period. 

More specifically, the system includes apparatus and 
circuitry for generating an audible alarm in response to 
the frame to frame change in the measured characteris- 
tic being greater than a predetermined threshhold 
value. 

In accordance with an additional feature of this in- 
vention, the pickup means includes a television camera 
system. The television camera system is controlled by 
horizontal and vertical synchronization signals, and 
produces an analog video signal representing a charac- 
teristic of the radiation coming from the viewed scene. 
Clocking circuitry produces the synchronization sig- 
nals, and defines the timing of a series of clocking pulses 
which in turn define the sampling locations of the image 
frame, by triggering sampling at predetermined times 
relative to the initiation of production of each image 
frame. Steering circuitry is responsive to the amplitude 
of the video signal at the clock-defined sampled loca- 
tions to steer representations of the samples to various 
channels of a multi-channel analyzer. The multi-channel 
analyzer (a portion of a memory system) accumulates in 
each channel the number of samples from the frame 
which fall within one of a plurality of amplitude ranges. 
This accumulation gives a profile of the amplitude dis- 
tribution of the video signals at the sampled locations 
during the sampling period. 

The sample locations are thus defined by the synchro- 
nization signals. Comparison circuitry responds to pre- 
determined differences between this amplitude distribu- 
tion profile in different frames. If the profile in one 
frame is sufficiently different from that of others, an 
alarm sounds. 

The particulars and the advantages of the present 
invention will be understood in detail by reference to 
the description below and to the drawings, in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating an area monitor- 
ing system incorporating the present invention; 

FIG. 2 is a block diagram illustrating the system of 
FIG. 1 in more detail; 

FIG. 3 is a block diagram illustrating a timing portion 
of the system shown in FIG. 2; 

FIG. 4 is a block diagram illustrating a counter chan- 
nel portion of the system shown in FIG. 2; 

FIG. 5 is another block diagram illustrating compari- 
son and alarm control portions of the system of FIG. 2; 

FIG. 6 is a graphical representation of a front control 
panel appropriate for the system of FIGS. 1 and 2; 
. FIG. 7 is a timing chart illustrating time relation of 
signals produced within the system of FIG. 2; 

FIGS. 8, 9 and 10 are schematic drawings illustrating 
portions of the system of FIG. 2. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 1 illustrates in simple form an area monitoring 
system S incorporating the present invention. The 5 
major components of the system S include a television 
camera 10 for viewing a scene of interest, the scene 
emitting radiant energy, such as visible light. The televi- 
sion camera 10 converts the visible light to electrical 
signals, including an amplitude modulated analog video 10 
signal, describing the spatial distribution of light inten- 
sity about the scene. The electrical signals indicating 
light distribution are transmitted to processing circuitry 
12 which compares light distribution of a previously 
viewed television image frame with the analogous infor- 15 
mation from subsequent image frames. In the event that 
sufficient difference exists between the respective spa- 
tial energy distributions of the previous and subsequent 
television image frames, the processing circuitry 12 
produces an alarm signal which actuates an alarm pro- 20 
during system 14. 

A system such as that illustrated in FIG. 1 can be 
used, for example, to view an area and indicate any 
intrusions or other untoward changes or conditions 
which might represent danger to personnel or damage 25 
to facilities or product. 

The system of FIG. 1, particularly the processing 
circuitry 12, is illustrated in more detail in the block 
diagram of FIG. 2. The analog video signals produced 
by the television camera 10 are amplified by preampli- 30 
tier circuitry included within video conditioning cir- 
cuitry 16. 

Optionally, the television camera 10 can also be con- 
nected to a television monitor IS to produce a conven- 
tional television picture of the viewed image.' 35 

The amplitude of the amplitude modulated (A.M.) 
video signal is continually sampled for input to a multi- 
channel counter 24, 26, 28, (described in more detail 
below) of selected samples falling within respective 



samplings, and distributed among the several channels 
in accordance with the amplitude of each video signal 
sample in response to which each respective count sig- 
nal is generated. 

More specifically, each counter channel is incre- 
mented by one count in response to the occurrence of a 
sampled video amplitude representing an energy inten- 
sity of the sampled image point, which energy is within 
the respective energy range allocated for that channel. 

For purposes of convenience, a three-channel 
counter is shown in FIG. 2, but it is to be understood 
that, within limits of practicality, any number of chan- 
nels could be employed, and the video signal amplitude 
can be divided into a (ike number of corresponding 
energy ranges. The respective channels of the multi- 
channel counter are indicated by reference characters 
24,26,28. 

As described in more detail below, it is possible to 
have a workable system embodying this invention with 
only a single counter channel. In such an embodiment, 
a count is developed of only those video amplitude 
samples falling within a single range. Such a count 
method has been shown effective in evaluating light 
distribution of one frame, and comparing it to that of 
others. 

In such a single channel embodiment, a multiplexer is 
provided in the video select circuitry for selectively 
transmitting to the single storage channel counter count, 
signals representing only video samples falling within a 
preselected one of a set of video ranges defined by 
comparator circuitry. 

Returning to the three-channel embodiment, each of 
the channels 24, 26, 28 includes counter circuitry, and 
latching circuitry operative in response to a strobe sig- 
nal for storing counts accumulated in the respective 
counter channel at the time of strobing, which occurs at 
the conclusion of each image frame scan. In response to 
a reset signal, from the video level select circuitry 20, 
and timing circuitry 44 (discussed below) each of the 



amplitude ranges. The sampling is performed by video 40 counters of the channels 24, 26, 28 is reset to zero. Sub- 



level selection circuitry 20 including comparators and 
steering decoding circuitry. As explained below, each 
sampled portion of the video signal causes a count sig- 
nal to be input to that channel of the . multi-channel 
counter which is allocated to a video amplitude range 45 
encompassing the sampled video signal amplitude. 

The video sampling periods are defined by timing and 
master clocking circuitry 42, 44, also discussed in more 
detail below. 

The video level select circuitry 20 is actuated by 50 
clock timing sampling pulses, appearing on a lead 27 
(FIGS. 2 and 3) each of which defines a finite but small 
sampling point in the image raster generated by. the 
television camera for each image frame. 

In accordance with the preferred embodiment, each 55 
television image -frame is sampled at 8,192 sampling 
points; There are, in that embodiment, 64 equally 
spaced sampling points per line, and only each fourth 
line in.a field of 512 lines, or a total of 128 lines, is sam- 



sequently, sampling signals from the video level select 
circuitry 20 and timing circuitry cause the channels 24, 
26, 28 to accumulate in their counter circuitry another 
set of counts, representing a video signal amplitude 
profile for a subsequent television image frame. The 
points at which the video signal is sampled in the subse- 
quent television image frame are the same as those 
points sampled in the earlier sampled frame. Mean- 
while, the profile accumulated by the respective chan- 
nels and associated with the previous frame is stored by 
sample and hold circuitry, discussed in more detail be- 
low. 

An alarm is actuated in response to the occurrence of 
a predetermined difference between the stored ampli- 
tude profile and a succession of profdes accumulated in 
the counters during a succession of subsequently moni- 
tored image frames. The alarm is actuated by alarm 
decision circuitry 30. The decision circuitry 30 senses 
the occurrence of predetermined difference between 



pled. Optionally, the number of sampling points can be 60 stored and subsequent amplitude profiles, and actuates 



changed by an appropriate change in the frequency of 
the sampling clock pulses from the timing and clock 
circuitry 42, 44. The sampled image points are the same 
in each frame, due to their uniform time synchroniza- 
tion with the T.V. synch signals. 

Each channel of the multi-channel counter corre- 
sponds to a predetermined video signal amplitude 
range. Count signals are produced in response to video 



alarm control circuitry 32 (including gating circuitry) in 
response to that difference being of a predetermined 
magnitude. The alarm control circuitry, in response to 
actuation by the alarm decision circuitry 30, produces a 
65 signal to alarm interfacing circuitry 34. Interfacing cir- 
cuitry 34 in turn produces appropriate signals to actuate 
known types of alarm indicators, such as remote alarm 
circuitry 36 and machine control circuitry 40, e.g. re- 
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lays. The remote alarm is suitably embodied by a visible counter circuitry of each channel on the occurrence of 
or an audible alarm signal generator, such as a light or a signal at the lead 82, which occurs at the end of each 
a buzzer. frame. 

Additionally, machine control circuitry 40, such as an The counter circuitry of the channels 24, 26 28, dur- 
electrically actuated solenoid, can be actuated in re- 5 ing each image frame, will accumulate a totaJ number of 
sponse to the occurrence of an alarm indicating signal to counts, the total number corresponding to the total 
stop a machine in an industrial process, or otherwise number of sampling points per frame. The counting 
control equipment operation to safeguard personnel, circuitry of each channel, at the conclusion of scanning 
equipment or product. of the image frame, will contain a portion of this total 

Optionally, suitable additional control circuitry can 10 count equal to the number of times the sampled video 
be associated with the interfacing circuitry 34 in order amplitude level was within the amplitude range allo- 
to provide flexibility in the type and mode of operation cated to that channel, as sensed by the video level select 
of the respective alarm devices. The choices in this circuitry 20. 

aspect are within ordinary skill. As explained above, in a complete frame, (for the 

Timing control circuitry is provided for controlling 15 present example) 8,192 discrete spaced image points are 
the sequence of operations of the present system. The sampled. Thus, the total number of counts in all the 
timing control circuitry includes a master clock 42 and channels at the conclusion of the scanning of one frame 
associated timing logic control circuitry 44. is 8,192. 

The master clock 42 and timing logic circuitry 44 are Circuitry constituting an individual channel of the 
illustrated in more detail in FIG. 3. The master clock 42 20 multi-channel counter and associated circuitry is illus- 
is a crystal controlled clock unit The master clock trated in more detail in FIGS. 4 and 5. 
frequency is selected, within ordinary skill, to facilitate Only one of the channels 24, 62, 28 is illustrated in 
reliable and accurate sampling times, and to match the detail in FIGS. 4 and 5. It is to be understood that all the 
synchronization requirements of the television camera channels 24, 26, 28 of the multi-channel counter are 
10 and the channels 24, 26, 28 of the multi-channel 25 substantially identical to the embodiment illustrated in 
counter circuitry. FIGS. 4 and 5. 

A "divide by 8" circuit 46 receives an input from the Each of the channels includes a digital section and an 
master clock 42 and generates sampling count pulses analog section. The digital section of one of the chan- 
over leads including 27, 48. The sampling count pulses nels is illustrated in FIG. 4. 

are also supplied to the multi-channel counter circuit 30 The digital section of each channel includes four 
channels by way of gating circuitry of the timing con- binary coded decimal (BCD) counters 90, 92, 94, 96. 
trol logic circuitry 44. The digital section further includes a set of latches 100, 

The output of the divide by 8 circuit 46 is directed to 102, 104, 106, downstream from the BCD counter cir- 
video level selection circuitry 20. Another output of the cuitry. The output of the latches are directed as inputs 
sampling count pulses is delivered to gating circuitry 35 to a digital to analog converter 110. The digital to ana- 
52, 54, 56. The gating circuitry 52, 54, 56 produces a log converter 110 produces at an output 112 an analog 
clocking output at a lead 60 which limits the image voltage which is a function of the total digital value 
point sampling to only a predetermined number of lines input to the converter 110 from the set of latches, 
of the image frame. An optional two position control At the end of each image frame scan, the count stored 
circuitry 62, coupled to gate circuitry 54, selects the 40 in the BCD counters of the channel is transferred to the 
operation of the gating circuitry between a first state, in latches in response to a strobe signal appearing on a lead 
which only one out of every 4 lines is sampled, and a 79. The BCD counters are then reset to zero by the 
second state, in which one of every two raster lines is "clear" pulse over the lead 82. 

sampled. Referring to FIG. 5, the analog output of the digital 

Hie sampling count pulses transmitted over the lead 45 to analog converter appearing on the lead 112 is trans- 
48 are directed to a "divide by 72" circuit 64. The divid- mitted to a set of two comparators 114, 116 and to sam- 
ing circuitry 64 produces the divided output of the pie and hold circuitry 118. The value held in the sample 
sampling count pulses to a known type of horizontal and hold circuitry is transmitted by way of an inverter 
synchronization generator 66 associated with the televi- 120 over a lead 122 to reference inputs of the compara- 
sion camera 10. The horizontal synch generator 66 50 tors 114, 116. 

produces at a lead 70 the horizontal "synch" signals for In operation, the sample and hold circuitry 118 sam- 
the television camera. pies, stores and continuously delivers, as a reference to 

The divided signal from the circuitry 64 provides a the comparators 114, 116, the analog count value stored 
control signal on a lead 65 for effecting 8 sampling during the most recent sampling period. The sampling 
count pulses during which time the system does not 55 periods are defined by occurrence of the signals from a 
sample, the 8 pulses allowing for return blanking, or sampling timer 134. The sampling timer defines a se- 
horizontal flyback of the television system. quence of sampling periods. The analog value held in 

The output of the dividing circuitry 64 is provided as the sample and hold circuit thus represents the count 
an input to a "divide by 256" circuit 72. One output of accumulated in the associated channel during the most 
the dividing circuitry 72 is provided to known vertical 60 recent sampling period. The sampling circuit holds the 
synchronization generator circuitry 74, which in re- stored count value until the next sampling period oc- 
sponse produces vertical synchronization pulses for the curs, as determined by the sampling timer, at which 
television camera 10. time the value so held is updated, or refreshed, to repre- 

The dividing circuitry 72, by way of divide by 2 sent an adjusted reference value, to compensate for 
circuitry 76 and a strobe generator 78, actuates clearing 65 electrical circuit drift, or small changes in the viewed 
generator circuitry 80 to provide a "clear" signal at an scene which are of no interest. 

output lead 82 which is directed to the channels of the By appropriate adjustment of the sampling timer, the 
multi-channel counters and which serves to reset the time between sampling periods can be several image 
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frames, or only one. Where a sampling period occurs If no alarm condition exists, the alarm counter 32 is 
with each frame, the stored reference value is updated inhibited. The clocking signal to the alarm counter 32 is 
for each frame, provided the value of count sensed for the "clear" signal, the same signal which is used to reset 
the frame does not deviate from the stored reference the multi-channel counters at the end of each frame 
value (corresponding to the previous frame) by an 5 scan. 

amount sufficient to cause the comparators to indicate When an alarm condition exists, the alarm counter 32 
an alarm condition. will advance one count in response to the end of the 

The sampling rate during the normal operation of the frame scan during which the alarm condition is de- 
system, as described above, is controlled by the sam- tected. If this. alarm condition is still present when the 
pling timer 134. The sampling timer 134 functions only 10 next "clear" pulse occurs at the end of the next succes- 
when an alarm condition, as indicated by a signal from sive scan cycle, the alarm counter will advance an addi- 
the alarm gate 130, does not exist. When an alarm condi- tional step. 

tion exists, the sampling timer is inhibited. A BCD to decimal decoder associated with the alarm 

It is important to note that the reference count held in counter allows the selection of any number from zero to 
the sample and hold circuitry represents only a "nor- 15 nine. Selecting the number 3, for example, means that 
maT scene, to which no responsive alarm is desired. the alarm condition must persist for 3 consecutive scan 
The updating occurs only to adjust for small changes cycles in order to trigger an actual alarm. This feature is 
within the scope of normalcy. designed to prevent a false alarm, such as might arise 

It is desirable, when an abnormal frame is detected, to from an electrical transient or interference in the cir- 
cause the sample and hold circuitry 118 to continue to 20 cuitry of the monitoring system, which might give rise 
hold its stored normal prior reference count, relating to to a spurious indication of scene change during, for 
a prior frame, so that counts obtained in later frames example, only one or two frames, 
may also be compared with the same stored normal Thus, an alarm condition is created by any interfer- 
prior reference value held in the sample and hold cir- ence with the normal scene under surveillance which 
cuitry. Once a deviant frame is detected, one wishes to 25 causes a change in the output of any channel digital to 
prevent the comparators from adopting the deviant analog converter which is greater than the level estab- 
abnormal value as a reference. Rather, it is desirable to lished by the preselected comparator tolerance setting 
"freeze" a normal reference value for the comparators. of the element 132. Such a deviation causes the corre- 

Therefore, sampling inhibit control circuitry 140 is sponding comparator to switch the gate 130 and re- 
provided. The inhibit control circuitry 140 responds to 30 move the reset signal from the alarm counter, thus al- 
the production of a signal by an alarm gate 130, indicat- lowing the alarm counter to advance one step, 
ing an abnormal frame, to inhibit the operation of the The selected output of the BCD to decimal decoder 
sampling timer 134, so that the reference count value circuitry is connected to known alarm interface cir- 
presented by the sample and hold circuitry to the com- cuitry 34 for controlling one or more alarm devices, 
parators remains unchanged. . 35 such as a flashing light on an operator's panel, an audi- 

More specifically, if the current image frame count ble signal, or a remote control device. Such control 
value transmitted directly to the comparators is greater devices can be used to stop a machine in response to a 
than the sampled and held value by a predetermined sensed scene change, to prevent damage to the machine, 
amount, comparator 114 actuates an alarm gate 130, personnel, or product. 

which produces an alarm signal having effects discussed 40 Optionally, an alarm reset circuit, connected to a 
in more detail below. In the event that the current count push button on the operator's panel, can reset the alarm 
value is less than the sampled and held value by a prede- circuitry. 

termincd amount, the comparator 116 actuates the The Operator's control panel for the monitoring sys- 
alarm gate 130 causing an alarm signal similar to that terns of this invention is illustrated in FIG. 1, and in 
produced in response to the comparator 114. 45 detail in FIG. 6. In a power section of the front panel, 

An adjustable resistive element 132 is provided and illustrated in the right-hand portion of FIG. 6, a main 
coupled to the comparators 114, 116 to adjust the de- power off/on switch 200 is illustrated. An_ indicator 
gree of tolerance "spread" or sensitivity of this set of lamp 202 provides a visual indication when the main 
two comparators to changes in count rate between power supply is on. A knob 204 enables the adjustment 
frames. That is, the amount of change necessary to 50 of a predetermined adjustable warmup time for the 
actuate one or the other of counter 114, 116 is adjustable system. A lamp 206 becomes illuminated when the 
by means of the resistive circuitry 132. warmup time is complete, indicating to an operator 

The output voltage from the digital to analog con- when the system is ready for operation, 
verter 110 can also be sampled manually by manual During the warmup time, the alarm circuitry is 
sanipling control circuitry 142, after system warmup 55 turned on. At the end of the warmup time, the warmup 
time, or at any time during system operation, to enable indicator lamp becomes illuminated, and normal system 
calibration. In such a calibration mode, the operator can operation can take place after the operator views the 
view on command the value of the individual channel scene under surveillance. If the monitored scene is in a 
count for a given scene which he considers normal. This satisfactory condition and the system properly set up, in 
information can be utilized by the operator to set up 60 the judgment of the operator, the operator may then 
desirable system operating parameters, such as compar- switch to a calibrate mode of the system by depressing 
ator tolerance spread level desired. a calibrate button 210, and select which, channel is to be 

Referring again to FIG. 2, the outputs of the alarm calibrated. The calibrate section of the front panel in- 
gates 130 of each of the channels 24, 26, 28 are con- eludes a tolerance adjustment knob 212 for adjusting the 
nected to circuitry comprising alarm decision logic 65 degree of tolerance spread of the comparators 114, 116 
control circuitry 30. The output of the alarm logic deci- of the selected channel, as discussed in detail above. A 
sion circuitry 30 controls the reset input of the alarm sample rate (sample timer) control 216 is coupled to 
counter 32. adjust the sampling rate of the sample and hold circuitry 
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118 for a predetermined channel, also described above. 
The channel governed by the controls 212 and 216 is 
determined by the setting on a channel selection knob 
220. This section of the system enables the individual 
calibration of parameters of each channel. 

When the calibrate button 210 is depressed, it causes 
the sample and hold circuitry 118 to sample and hold 
the output of the digital to analog converter 110 for the 
selected channel. This button 210 should be operated 
only when the desired normal scene to be monitored is 
viewed by the television camera, clear of interference. 

Where the embodiment of this invention is used em- 
ploying only a single channel counter and a multiplexer 
is used, a particular setup procedure is recommended. 
Referring to FIG. 8, the multiplexer is designated by 
reference character 280. The multiplexer 280 is con- 
nected between video level selection circuit 20 and the 
counter circuitry 90, 92, 94, 96. In the illustrated em- 
bodiment, comparator circuitry 282, 285 of the video 
level selection circuitry 20, in combination with down- 
stream gating circuitry generally indicated at 286, indi- 
cates which of three video level ranges is represented 
by each sampled video signal portion by producing a 
pulse at one of three output leads 288, 290, 292. 

If the video signal is above a predetermined relatively 
high light level, a signal is produced on the lead 288. If 
a video signal is below a predetermined relatively low 
video level, a signal is produced on the lead 290. If the 
sample video level is between the relatively high and 3Q 
relatively low level, a signal is produced at the lead 292. 
The leads 288, 290, 292 are all presented as input to the 
multiplexer 280. 

The multiplexer transmits to an output lead 294 pulses 
incoming on one of the leads 288, 290, 292, depending 35 
on the state of other input signals to the multiplexer 280. 
Thus, the multiplexer 280 is utilized to select for trans- 
mission to the counter circuitry only those video signals 
representing sampled video levels falling within one of 
the three predetermined ranges. 40 

In setting up the system of this invention for opera- 
tion, utilizing the multiplexer and single channel 
counter, it has been found desirable to set up the multi- 
plexer to facilitate counting of video samples for the 
video range encompassing the largest number of sample 45 
counts in the "normal" scene. To accomplish this, an 
operator simply samples the number of video sample 
counts in each video range and tunes the multiplexer to 
transmit video sample counts only in the range having 
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For the benefit of those not intimately familiar with 
this art, FIGS. 8-10 are provided, which conjunctively 
illustrate specific circuitry for implementing the present 
Invention, augmented with reference characters corre- 
lating between FIGS. 8-10 and the other FIGURES. 

It is to be understood that the disclosure of this inven- 
tion is intended to be illustrative, rather than exhaustive, 
of the invention. It should be realized that those of 
ordinary skill may make certain modifications, dele- 
tions, or additions with respect to the disclosed subject 
matter without departing from the spirit of the inven- 
tion, or from its scope, as defined by the following 
claims. 

What is claimed is: 

1. A system for sensing changes in distribution of 
energy emanating from a scene, said system comprising: 

(a) pickup means for converting the energy to electri- 
cal signals representing intensity distribution of 
said emanation from the scene; 

(b) circuitry cooperative with the pickup means for 
sampling energy intensity of each of a predeter- 
mined set of locations of the scene; 

(c) circuitry for accumulating during a sampling per- 
iod a count of the number of said sampled locations 
which emanate energy within a predetermined 
intensity range, said count being produced inde- 
pendently of the relative spatial positions within 
the scene of the sampled locations, and 

(d) comparison circuitry for detecting at least a pre- 
determined difference between the value of said 
count and a predetermined value. 

2. The system of claim 1, further comprising: 

(a) said counting circuitry comprising a multi-channel 
counter and associated circuitry for counting the 
numbers of said sampled locations whose emanated 
energy intensities lie respectively within each of a 
plurality of different ranges; 

(b) circuitry for resetting said multiple counting chan- 
nels after a prior sampling period; 

(c) a memory for storing count information derived 
during said prior sampling period for comparison 
with count information derived during a subse- 
quent sampling period, and 

(d) circuitry for actuating said sampling and counting 
circuitry during said subsequent sampling period to 
resample the energy intensities at said same set of 
locations in the scene. 

3. The system of claim 2, wherein said comparison 



the highest number of sample counts in the normal 50 circuitry comprises means for indicating at least a pre- 



scene. 

Referring again to FIG. 6 f an alarm control system 
includes a toggle 230 which is used to select between 
local and remote alarm devices. An alarm lamp 232 is 
coupled to alarm circuitry as described above such that 55 
the lamp 232 is illuminated in response to an alarm 
condition. An audible alarm, such as a buzzer or horn 
234, can also be provided. An alarm reset button 236, 
when depressed, resets all the alarm functions of the 
system, in preparation for the occurrence of a future 60 
alarm condition. 

A scanning control portion of the operator's panel 
includes a scanning rate control knob 240. A selector 
toggle 242 is provided to enable the operator to choose 
between internal and external scanning control. An 65 
indicator light 244 is provided which is illuminated each 
time a scanning cycle is initiated by external triggering 
circuitry. 



determined degree of change in the count accumula- 
tions in any of a plurality of channels of the multi-chan- 
nel counter between said prior and subsequent sampling 
periods. 

4. The system of claim 1, further comprising: 
apparatus coupled to the comparison circuitry for 

producing an alarm signal in response to the detec- 
tion of said predetermined difference. 

5. The system of claim 1, wherein: 

(a) said pickup means comprises a television camera 
pickup tube and circuitry for operating the pickup 
tube of the camera to scan the scene in a series of 
frames, and 

(b) said comparison circuitry comprises circuitry for 
producing an indication in response to changes in 
said counted number of locations between a prior 
frame and a subsequent frame. 

6. The system of claim 1, wherein: 
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(a) said pickup means and sampling, circuitry com- 
prise a television camera pickup tube and video 
processing circuitry, said video processing cir- 
cuitry producing horizontal and verticil synchro- 
nization pulses and associated control signals for 5 
causing the television camera pickup tube to scan 
the scene in a rectilinear fashion, and 

(b) said sampling circuitry further includes clocking 
and gating circuitry for defining said sampled loca- 
tions of the scene as a function . of timing of . said 10 
synchronization signals. 

7. The system of claim 6, wherein: 

said video processing circuitry includes means for 
triggering said clocking circuitry to subdivide said 
television image to define said locations as a func- 15 
tion of the time of coincidence of a vertical and a 
horizontal television synchronization signal. 

8. An area surveillance system comprising: 

(a) video pickup apparatus for producing a frame of 
information describing energy emanating from the 20 
area; 

(b) processing circuitry for defining a set of predeter- 
mined locations in the frame; 

(c) circuitry for sensing the emanated energy level of 
each of the locations; 25 

(d) circuitry for summing the numbers of frame por- 
tions having an energy level lying within each of a 
plurality of predetermined range, independent of 
the relative spatial locations of the members of the 
location set; 30 

(e) means for. producing a reference signal describing 
a reference number, and 

(f) comparison circuitry for producing an alarm sig- 
nal in response to a predetermined relationship 
between the reference signal and the number of 35 
portions summed in the counter. 

9. A system for monitoring changes in a scene from 
which radiant energy emanates, said system comprising: 

(a) a television camera including control circuitry for 
producing horizontal and vertical synchronization 40 
signals for causing the television camera to scan at 
least a portion of the scene in repeated rectilinear 
frames, to produce a video signal indicating energy 
level distribution of each frame; 

(b) clocking circuitry for defining sampling times 45 
during which the television camera scans each of a 
same predetermined set of sampling locations of 
each frame; . - ■ ' . 

(c) multi-channel accumulating count circuitry, and 

(d) circuitry responsive to the clocking circuitry and 50 
the video signal for steering a representation of the 
value of the video signal at each sampling location 
into a channel of the multi-channel counting cir- 
cuitry, the selection of the channel to which each 
video representation is steered being a function of 55 
value of the video signal at its respective sampling 
time. 

10. The system of claim 9, further comprising: 
means associated with the steering circuitry for pre- 
venting each sampled video value representation 60 
from affecting any channel of the multi-channel 
circuitry but that channel to which that representa- 
tion is steered. 

11. A method for sensing changes in distribution of 
energy emanating from a scene, comprising the steps of: 65 

(a) converting energy from the scene to electrical 
signals representing spatial intensity distribution of . 
the energy; 



, (b) sampling.. energy^ intensity of each of a predeter- 
mined set of locations of the scene; 

(c) accumulating during a sampling period a count of 
] :i '* : the number of said sampled locations from which 

energy emanates within a predetermined intensity 
range, said accumulation step being . performed 
independently of relative spatial positions within 
the scene of the sampled locations, and 

(d) detecting the existence of at least a predetermined 
difference between the value of the count accumu- 
lated in the previous step and a predetermined 
value. 

12. The method of claim 11, wherein: 

(a) said accumulation step comprises counting the 
numbers of said sampled locations whose emanated 
energy intensities lie respectively within each of a 
plurality of different ranges, said method further 
comprising: 

(b) storing count information derived during said 
sampling step; 

(c) repeating said sampling step, and 

(d) comparing the counts obtained in the sampling 
step with those obtained in the repeated sampling 
step, and 

(e) detecting predetermined differences in corre- 
sponding counts obtained in the two sampling 
steps. 

13. The method of claim 11, further comprising the 
step of: 

. producing an alarm signal in response to the detection 
of said predetermined difference. 

14. The method of claim 11, wherein: 

(a) said converting step includes operating a pickup 
tube of a television camera to scan the scene in a 
series of frames, and 

(b) said detection step comprises producing an indica- 
. tion in response to changes in said counted number 

of locations between a prior frame and a subse- 
quent frame. 

15. The method of claim 11, wherein said conversion 
and sampling steps comprise: 

(a) producing horizontal and vertical synchronization 
pulses for controlling a television camera pickup 
tube to scan the scene in a rectilinear fashion, and 

(b) said sampling step further includes clocking and 
gating operations for defining the sampled location 
of the scene as related to the synchronization sig- 
nals. 

16. The method of claim 15, wherein: 

said defining step comprises defining the locations in 
response to the coincidence of vertical and hori- 
zontal television synchronization signals. 

17. An area surveillance method comprising: 

(a) producing a frame of information describing en- 
ergy emanating from the area; 

(b) defining a set of predetermined locations in the 
frame; 

(c) sensing the emanating energy level of each of the 
locations; 

(d) summing the numbers of frame locations having 
an energy level lying within each of a plurality of 
predetermined ranges, said summing step taking 
place independently of the relative spatial positions 
of the members of the location set; 

(e) producing a reference signal describing a refer- 
ence number, and 

(0 producing an alarm signal in response to a prede- 
termined relationship between the number repre- 
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seated by the reference signal and a number of 
locations summed in the summing step. 

18. A method for monitoring changes in a scene from 
which radiant energy emanates the method comprising 
the steps of: 

(a) producing horizontal and vertical synchronization 
signals for causing a television camera to scan at 
least a portion of the scene in repeated rectilinear 
frames to produce an amplitude modulated video 
signal indicating spatial energy intensity distribu- 
tion within each frame; 

(b) triggering clocking circuitry to define a set of 
sampling times during which the television camera 
scans each of a same predetermined set of sampling 
locations of each frame; 

(c) responding to the clocking and to the video signal 
for steering a representation of the value of the 
video signal at each sampled location into one of a 20 
plurality of storage channels, the selection of the 
storage channel being a function of the value of the 
video signal at its respective sampling time. 

19. An area monitoring system comprising: 

(a) a television system for viewing a scene of the area 
and representing the spatial distribution of electro- 
magnetic radiation emanating from the scene by 
producing electrical signals including video and 
synchronization signals and defining a sequence of 30 
raster formated frames; 

(b) circuitry for effecting real time sampling of video 
signal value at each of a set of locations of the 
frame raster during a first; 

(c) sorting circuitry for developing in real time an 
amplitude distribution profile of the video signal 
samples; 

(d) a memory system for storing a representation of 
the amplitude profile; 40 

(e) circuitry for actuating the sampling and sorting 
circuitry to repeat their operation over a second 
frame for the same set of raster locations, and 

(f) comparison circuitry for producing an indication ^ 
in response to the occurrence of a predetermined 
difference between the amplitude distribution pro- 
files of the first and second frames. 

2a The system of claim 19, further comprising: 

50 



35 



circuitry for modifying the predetermined amplitude 
profile difference which causes the production of 
the indication by the comparison circuitry. 

21. A system for monitoring changes in a characteris- 
tic of energy emanating from a scene, said system com- 
prising: 

(a) pickup means for converting the energy to electri- 
cal signals representing the measured characteris- 
tic; 

(b) circuitry cooperative with the pickup means for 
sampling the measured characteristic at each of a 
predetermined set of locations of the scene; 

(c) circuitry for accumulating during a defined sam- 
pling period a count of the number of said sampled 
locations the measured characteristic of whose 
energy lies within the scene of the sampled loca- 
tions, and 

(d) comparison circuitry for detecting at least a pre- 
determined difference between the value of said 
count and a predetermined value. 

22. A video monitoring system comprising: 

(a) a television system for viewing an area; 

(b) circuitry cooperating with the television system 
for electrically defining a predetermined set of 
locations of the viewed scene; 

(c) accumulation circuitry coupled to the television 
system for producing an exclusively scalar count of 
the number of sampled locations at which the en- 
ergy has a characteristic lying within a predeter- 
mined range, and 

(d) comparison circuitry for producing an indication 
when the said count for a particular sampling per- 
iod differs from a reference count by a predeter- 
mined threshhold value. 

23. An area surveillance system comprising: 

(a) pickup means for producing electrical information 
representing spatial energy distribution emanating 
from a scene, said representations being produced 
in a series of timed cycles; 

(b) means for producing a series of information en- 
sembles describing energy emanating from sampled 
points within the scene, the ensemble correspond- 
ing to a first cycle constituting a reference signal; 

(c) means for comparing the reference signal with an 
analogous signal produced in a subsequent cycle, 
and 

(d) means for periodically refreshing the reference 
signal. 
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